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KOMILIEKCHBIN AHAJIM3 
BE3ONACHOCTH MEPOTPUATHN 

NO ONTHMHK3AUHH IKOJIOTHYECKHX 
XAPAKTEPHCTHK JIOPOXKHO- 
TPAHCHOPTHOHM CETH 

r. POCTOBA-HA-JOHY 


A. C, [ixaman, B. B Tananaee 


JJoHCKON rocyapcTBeHHbIN TeEXHH4eCKHM YHUBepCcHTeT, 
Poctos-Ha-Jlony, Poccuiickaa Dezepamna 


liparit.badalyan @ yandex.ru 


BsinosIHeH aHasin3 OCHOBHBIX (paKTOPOB 
HeraTHBHOro BO3HeCHCTBHA JOPOXHOU 
TpaHCHOpTHOH ceTH Ha 9KOCHCTeMy Tropodia. 


ABTOpaMH TpeyIoxKeHa MporpamMMa MeporpuaATuH 
10 CHYOKCHHIO BBIOPOCOB 3arpA3HAIOWIMX BeLIeCTB 
TpaHCIOpTHbIM 


TIOTOKOM, S3aKJIFOUarOWIaAHCA = §6B 


ONTHUMH3al nu IKOJIOTMAUCCKHX XapakTeCpuCcTHuK 


TlapKa HWaCCaxKUpCKOrO TpaHCHoptTa I. PocToBa-Ha- 


Hony, 
SKOHOMHYeCKON IPPeKTHBHOCTH. 


MV UpewtCrTaBiCHa OUWCHKa CC XIKOJIOTO- 


Kur0ueBble CIOBa: OKPyxKarolllad cpeya, BbIOPOcbI 
ABTOTPpaHChlopTa, TeXHOreHHoOe BO3eHCTBHe Ha 
QSKOCHCTeMY, 3arpA3HAFOIIMe BeLIeCCTBa, IKOJOTO- 
9KOHOMM4eCKad 


olleHkKa, lIporpamMa 


MepOlpHATHH, IKOHOMHYeECKad 3()PECKTHBHOCTB 


Bpejenne. JlopoxHas TpancnopTHas ceTb (JITC) 
ABIIACTCA ODHHM 3 OCHOBHBIX OOpa3yIOIIHX 


9JIEMCHTOB TPaHCIIOPTHOH, 


UHpacTpyKTypbl 
COBPeMeHHOM ropojle c HaceyIeHHem cBbIIle | MJIH 


WVHKeHepHoOn U 


COUMasIbHOU roposa. B 


YeJIOBeK OCHOBHbIM (aKTOpOM TeXHOreHHO 
omacHocTu ABJIACTCA BO3NeCHCTBHE 
aABTOTPaHCHOpTHBIX CpeJICTB (ATC) Ha 
OKPYy2KarOLLyto cpeyly (OC). E>keroyHble 
MCCUeOBAHHA IWOKa3bIBakOT, 4TO B PocToBe-Ha- 
Jlony, Kak UM B Apyrux ropomax Poccun c 


HaceyleHwem Oonee | MJIH 4eJIOBeK, BbIOPOCBI 
TI€CpeCIBYDKHBIX MCTOYUHHKOB COocTaBIIAIOT 90% U 


Oomee OT CYMMapHOow 9%9IMHCCHH  BPeHbIX, 


TOKCHUHBIX Gt KaHICporeHHbix BCLUCCTB B 


ATMOC(epHbIN BO3 YX | 1]. 
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COMPLEX SAFETY ANALYSIS OF 
OPTIMIZATION 

MEASURES OF ECOLOGICAL INDICES 
OF ROSTOV-ON-DON ROAD 
TRANSPORT NETWORK 


A. S. Glhatyan, V. V. Talalaev 
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liparit.badalyan @ yandex.ru 


The article provides the analysis of the main 
factors of negative impact of road transport 
network on the city’s ecosystem. The authors 
propose a plan of actions to reduce traffic flow 
pollutant emissions, which consists in_ the 
optimization of the environmental performance 
of passenger transport park of Rostov-on-Don, 
and the assessment of its environmental and 
economic efficiency. 


Keywords: environment, motor — vehicle 


emissions, technogenic impact on ecosystem, 


polluting substances, ecological-economic 
assessment, plan of actions, economic 
efficiency. 


Introduction. Traffic network (TN) is one of 
the major forming elements of transport, 
engineering and social infrastructure of a city. In 
a modern city with a population of over 1 
million people the main factor of technological 
risk is the impact of motor vehicles (MV) on the 
environment (E). Annual studies show that in 
Rostov-on-Don, as in other cities of Russia with 
population of over | million people, emissions 
from mobile sources are 90% or more of total 


emission of harmful, toxic and carcinogenic 


substances in atmospheric air [1]. 


m a mt . > 4 , 7 
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AHaJIn3 IKOJIOrM4eCKHX nmoka3zaTesen 
pa3JIM4HbIX BHIOB TOnIMBAa. AxHam3 [2] 
TOKa3bIBaeT, 4TO Oonee 80%  3arpx3HATOUIMXx 


BelecTB (3B) B oTpaOoTaHHbIx ra3ax (OT) 


aBTOMOOMJIeH IIPHXOJUTCA Ha BbIOPOCBI 
OcCH3HHOBBIX JBUraTelen. JM3ebHOe TOMIMBO TIpu 


OCORKRMUTAHWVH B ABHTaTCsIC BHYTPCHHCrO CrOpaHis 


(BC), 


MCTaJIIOOPraHHIeCCKWX XHMUICCKHX coeJMHeHuM 


axe c y4eTOM ITipucaqoK B- Buse 


WIM Ha OapveBOi OCHOBe, ABIIACTCA 3HAYMTeCIbHO 
MCHbIIMM HCTOUHHKOM TOKCHYHBIX BbIOPOCOB, 4eM 
OeH3HHOBOe. Ho Ha _  mlpakTuKe 


HHW3KOC Cro 


KayueCTBO, Ce30HHOe€ HECOOTBETCTBHe MapOK HU 
HeECTaOWJIbHOCTb peryJIMPOBOUHbIX XapakKTepHCTUK 
TOMIMBHOK alinapatyppr ATC, paOoTarommmx Ha 
JIM3CJIbHOM TOIJIMBe, MPUBOJAT K 3aBbIIICHHbIM 
BbIOpocaM BpeyHbIX BellecTB c OF. IT a30Boe 
TOMJIMBO OOJayaeT BbICOKUMH 9KOJOrM4YeCKMMH 
TOKa3aTeuaMu (3HaYHTeIbHO CHW KaeTCA BbIOpOc 
OKcHa yrulepoyja, HEMe€TaHOBBIX YyIIeBOOPOOB, 
OKCHJOB a30Ta WM TBepyzbIxX uacTu). I[losTomy, 
ITIOMUMO 3IKOHOMHYeCKHX (PakTOpOB, MepeBor JIBC 
Ha 9TOT BU TOMIMBA JUKTyeTCA HEOOXOJIMMOCTBIO 
BO3yxa, B 
OCOOeCHHOCTH B KPYyIIHbIX ropoyax c OOJIbITIMM 


YMCHbINCHUA 3alpAsSHCHUA 


IlapKOM aBroMoOusel [3, 4]. 


OcHOBHBIe (bakTOpbl 


Bo3sqencrBua JITC Ha 9KocncTemy. B ycsloBuax 


HeraTHBHOrToO 


HOCTOAHHOFO YBeIM4eHHA ABTOMOOMJIBHOIO MapKa 
WM HeCOOTBETCTBHA TOPOACKOH OpoOxXHOHW cermu 
TpeOoBaHHAM 


COBPCMCHHbIM aBTOTPaHCIIOpT 


CTAHOBHTCA OJHOU W3 OCHOBHDbIX IIDH4WH 


yBeJIM4eHHA TeXHOreHHOM Harpy3KH Ha OC. 
TexHoreHHoe Bo3gerictBue JITC Ha 9skocucTemy 
ropoqa HOCHT KOMIVJICKCHbIM xapakTep. K 
OCHOBHBIM BUaM BO3JJeEHCTBUA ABTOTpaHcnoptTa Ha 
IIpHpowHyro cpey cileqyeT OTHeECTH HapymleHue 
ecTeCTBeCHHOM 


WUCJIOCTHOCTH IKOCHCTCM UY 


TeppuTopui (u3MeHeHHe JaHyWAadTOB, MO4UB, 


PUApOJOPW“deCKOro pe7KuMa 


Mp.), 
ruapochepbl u 


TeppuTOpHH, 


YHUYITORKCHHE OHOTHBI 4t 3alpAsSHCHUC 


aTMoc(epbhl, nuTOCMeppsI. 
Ypemmuenve uncia 9skcmIyaTupyemMbIx ATC Ha 
TeppuTopun, UCKYCCTBeCHHO 3aHWKaemad 
IIPOMyCKHad CHOCOOHOCTbh ICHTPaJIbHbIX YIM, (B 


YacTHOCTH, IpWlapKOBaHHbIMU AaBTOMOOMJIAMN), H, 
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The ecological indices analysis of different 
fuels. The analysis [2] shows that more than 
80% of polluting substances (PS) in the exhaust 
gases (EG) are gasoline engines emissions. 
fuel the 


combustion engine (ICE), 


Diesel combustion in internal 
even with the 
additives in the form of metalloorganic chemical 
compounds or barium-based compounds, is a 
much smaller source of toxic emissions than 
gasoline. But in practice, low quality, seasonal 
mismatch of brands and instability of regulating 
characteristics of MV _ fuel equipment, that 
operate on diesel fuel, lead to high emissions of 
harmful substances with EG. Gas fuel has a high 
environmental performance (significantly 
reduced emissions of carbon monoxide, non- 
methane hydrocarbons, nitrogen oxides and 
particulates). Therefore, in addition to economic 
factors, operation of engine on this type of fuel 
is dictated by the need to reduce air pollution, 
especially in large cities with a large car park [3, 


4]. 


The main factors of TN negative impact on 
ecosystem. In the context of ever-increasing car 
park and discrepancy between urban road 
network and modern requirements, vehicles are 
one of the main reasons for technogenic load 
increase on E. The impact of TN on the city's 
ecosystem is complex. The main types of impact 
of transport on the environment include 
disruption of the natural integrity of ecosystems 
and territories (change of landscapes, soils, 
hydrological regime of the _ territories, 
destruction of biota, etc.), pollution of the 
atmosphere, hydrosphere and lithosphere. The 
increase in number of operated MV on site, 
artificially lowered capacity of main streets (in 


particular, by parked cars), and as a result, a lot 


2Q 
O 
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KaK CJICHCTBHUC, MHOPOUNCJICHHbIC JOPOXKHbIC 


3aTOpbI Ha YJIMYHO-OpOxXHOH cerTHw ropoya 


CIHOCOOCTBYIOT CHIDKCHUEO MYVHTCHCHBHOCTU 


MBYOKCHMA, 3aTPYTHALOT IKCIVTYATAWMFO 


[2]. 


BO3HeCHCTBHE 


Handonee 
JTC 


OkKa3bIBaeT Ha aTMocdepy [1]. B ance OCHOBHBIX 


OOM[eECTBeEHHOrO §=©TpaHcopta 


WHTCHCHBHOe HeraTHBHOe 
(paKTOPOB 3arpsA3HeCHHA OKpy2Karollen MpuposHoU 
CpeybI cileytyeT OTMeTHTB: 3B, coyepxammMecs B 
BbIOpocax OI aBroMoOusiel (OKCHbI a30Ta, OKCH] 
MW WHOKcuy yruepoya — CO u CO, WHOKCHY cepst, 
YI'JIEBOOPOJIBI, — C, 
OeH3amupeH — Cy 9Hj2 U Apyrue); MbWIb (IIpOYKT 


Carnka TOIWJIMBHaAA 30JIa, 
MCTHpaHhaA WOPOXRKHOVO TOJOTHaA, HWHCBMOINHH U 
TOPMOSHbIX KOJIOJIOK; 


Tpy30B); 
WHpa3sByKOBOe HU IICEKTPOMArHHTHOe). XapakTep 


TesIAWMu IWepeBOSMMBIX 


(pu3suuecKHe HOA (akycTM4eckoe, 


Gt MHTCHCHBHOCTB BJIMAHWA IIC@pCunCJICHHbIX 
(baKTOPOB 3ABUCAT OT HHTCHCHBHOCTH, CKOPOCTH 
ABYUOKCHUA WU COCTaABAa TPpaHCIIOPTHOrO WHOTOKA, 


QUCJIa WOJIOC ABYOKCHWA HW IIp. 


Pa3padoTKa mporpaMMBI 
3B 
AHalIv3 BO3MO2%KHBIX WHCTPyYMeCHTOB 


MepolpHaATHH 110 


CHW KCHHEO BbIOPOCcoB TpaHCiopTrHbiIM 
IOTOKOM. 


yyulleHua kKayecTBa aTMOC(epHOro BO3yxa 


BOJIM3M aBTOMAarHcTpasiei WOKa3al, 4TO JIA 
TOCTWKeCHHA = MaKCHMalIbHOM 9ddeKTHBHOCTU 
ropoycKou IIpHpoqOoxpaHHon TOJIMTHKU 
HeoOxoJMMO lIpHMeHeHue KOMILIeKca 
aIMUHUCTpaTuBHBbIX, IKOHOMHYECKHX, 
TeXHUYeCKHX u IIJIAHUPpOBOUHO- 


TpaylOCTPOMTeIbHbIX MePOIpPHATHM TO CHYKeCHHIO 
BbIOPOCcoB 3B. 

ABTOpaMH TIpoBeyleHa 9KOJOrO-IKOHOMMYeECKAad 
OI[eCHKa MpOrpaMMbI MeporlpuATHH MO CHH2KeHHIO 
3B 
3aKFOUAaIOIWeHCA B ONTHMU3aIIMH 9IKOJIOrM4eCKHX 


BbIOPOCOB TpaHCHOpTHbIM IIOTOKOM, 
XapakTepHCTHK TapkKa TlaccaxKUpcKoro TpaHcnopta 
r. Poctospa-Ha-JloHy. bb paccMOTpeHbI TpH 
M1 


AU3CJIBHbBIMM 


BapHaHTa cCpeO3all[MTHbIX JCHCTBHM: 
50% 
mBuratesamMu u 100% MukpoaBTOOycoB Ha ra30Boe 
M2 


J{M3CJIbHbIMM JIBUTaTesAMU TposenOycamu; M3 — 


TlepeBor aBTOOYCOB C 


3ameHa 50% 


TOMJIMBO; aBTOOYCOB C 


KOMIIJI€EKCHOe BHespeHve BapuHaHToB M1 u M2. 


39ddekTHBHOCTU 


O1eHkKa IIpHpOOOXpaHHbIx 
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of traffic jams on the road network of the city 
contribute to the reduction of traffic, cause 
trouble to operation of public transport [2]. The 
most intense negative impact of TN is on the 
atmosphere [1]. Among the main factors of 
environmental pollution are: PS in the exhaust 
gas emissions (nitrogen oxides, carbon 
monoxide and carbon dioxide CO and COs, 
sulphur dioxide, hydrocarbons, soot, fuel ash, 
benzopyrene — C2 9Hj2 and others); dust (the 
product of roadway abrasion, pneumatic tires 
and brake pads; deflation of transported goods); 
fields 


electromagnetic). The nature and intensity of 


physical (acoustic, infrasound, and 


influence of these factors depend on_ the 


intensity, speed and composition of traffic, 


number of lanes, etc. 


The development of a plan of actions to 
reduce PS emissions by traffic stream. The 
analysis of possible measures to improve air 
quality near highways has shown that to achieve 
maximum performance of urban environmental 
policy it is required to use a complex of 
and 
PS 


administrative, economic, — technical 


planning-urban measures to reduce 
emissions. 

The authors have conducted an ecological- 
economic evaluation of the plan of actions to 
reduce PS emissions by traffic stream, which 
consists in the optimization of the ecological 
indices of passenger transport park of Rostov- 
on-Don. Three options of environmental actions 
have been considered: M1 — the transfer of 
50% of buses with diesel engines and 100% of 
vans to gas fuel; M2 — the replacement of 50% 
of buses with diesel engines by trolleybuses; M3 
—comprehensive implementation of MI and 
M2. 
environmental activities has been conducted by 


PS, 


The evaluation of the effectiveness of 


two parameters: mass_ flow of 
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MepOIpHATHH MpOBOAMIAaCh 10 ABYM lOKa3aTeJlaM: 
MaCCOBbIM pacxoy, 3B, ycuOBHO B kr/c (110 MeTOJLY 
[5]), u yuepo OC, 
pyOneH/roy (Cc WCHoONb30BaHveM MeToyUKH [6)). 


JKOHOMMYCCKHH MJIH 
Paccuntbipasiacb 9Muccua CO, C, CooH12. Anamn3 


39ddeKTHBHOCTU IIpOrpaMMBI CHWKeHHA 
TeXHOreHHOHM Harpy3KH Ha 9KOCHCTeMy ropoja 
WoKa3al, 4YTO pw BHeawpeHuu BapvaHta M1 
3B 


MUKpoaBToobycamu (Ha 46,2%) [7]. V3mMeHenue 


3HadHTeJIbHO CHH3HJIMCb BbIOPOCBI 
MaCCOBOrO pacxOjla TOKCHKaHTOB aBTOOycaMu 
OKa3alOCb He3Ha4UTebHbIM (0,02% npu ycuoBun, 
4TO ABTOOYCHI C ra30BbIMH JIBHTaTesAMH padoTaroT 
pH TOM %#e OTHOCHTeJIbBHOM MOILHOCTH, 4TO U 
TM3eJIbHbIe). B WesIOM MpOv30NNI0 yMeHbINeHue 
BbIOPOCOB BDPeJIHbIX BeIIeCTB IpHMepHo Ha 9%. 
JKoHOMUYeCKad = 930:)(eKTHBHOCTb 
594,05 


BHeypeHuu BapvaHta M2 9smMuccusa 3B aBTroOycamMu 


MeponpuaATHA 


cocTaBusia MIH pyOmet/ron. IIpu 
cHwKaeTca Ha 5,4% pw oOOMIeM yMeHbINeHHH 
0,7%. 


OKOHOMMYeCKHH yilepO »sKOCHCTeMe TIpH 93TOM 


BbIOPOCOB TpaHCIOpTHOrO MOTOKa Ha 


cHwKaetca Ha 45,31 mum pyonet/ron. pu 
BHeypeHuu BapwaHta M3 BslOpocbl BpeHbIxX 
BeIICCTB TPaHCHOpTHbIM IIOTOKOM COKpalijaroTca 
Ha 9,7% Tp CHW2KeHHH 9KOHOMHYECKOrO yiepba 


OC Ha 639,36 MiIH pyOseH/rog. 


HanOorree 9()eKTUBHBIM 
OC oT 


aBTOTpaHcnoptTa 


3ak10UeHHe. 
BapHaHTOM 3a TBI 

OL 
KOMIIJIEKCHOe BHepeHue MeporpuaTH M1 u M2: 
50% 


JIBUTaTesAMH Ha Ta30BOe TOIIMBO, 3aMeHa 50% 


HeraTHBHOro 
BO3J1CHCTBHA ABJIACTCA 


TlepeBoy aBTOOYCOB C  AW3eJIbHbIMU 
TM3eCJIbHbIX AaBTOOYCOB TpoWIeHOycamu U TepeBor 
100% MukpoaBToOycoB B TpaHCIOpTHOM HOTOKe 
Ha ra30Bpoe ToUIMBO. Teopetuyeckat U4 
pakTwyecKkad 3HAYMMOCTb HacTOAMen padorTbli 
3akiHOUaeTCA B  COBePINICHCTBOBaHHH OlCHKH 
HeraTHBHOrO BO3eMCTBHA Ha OC uw armapata 
TIPHHATHA pelleHuu 


TIpu olpeyeseHuu 


IIPHOPUTeTHBIX HalipaBJIeHuvl CHWKeHHA 
AHTPONOreHHOTO BO3JeEHCTBHA Ha 9XIKOCHCTeMYy 
ropoya. Pe3yibTaTbl WCCueOBaHuA MOTryT ObITb 
MCHOJb30BaHbI JWI CHWKCHHA XIKOHOMMYECKOTO 


yluepOa OT BbIOPOCOB aBTOTpaHcnopta. 
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conventionally, in kg/s (according to the method 
[5]), and economic damage to E, million 
rubles/year (using the methods [6]). Emission of 
CO, C, C29Hj2 has been calculated. The analysis 
of the effectiveness of the program to reduce the 
anthropogenic load on the ecosystem of the city 
has showed that the introduction of M1 decrease 
significantly PS emissions by vehicles (by 
46.2%) [7]. The change in the mass flow of 
toxicants by bus turns out to be insignificant 
(0.02 percent, provided that the buses with gas 
engines operate at the same relative power as 
diesel). Overall, there is a reduction of harmful 
by 9%. The 


efficiency of the measures amounts to 594.05 


emissions about economic 
million rubles/year. With the introduction of 
M2, PS emissions by buses were reduced by 
5.4% with a total emission reduction of traffic 
flow by 0.7%. 


ecosystem is thus reduced by 45.31 million 


Economic damage to the 


rubles/year. The introduction of variant M3 
reduce emissions by traffic flow by 9.7% while 
reducing economic damages to E by 639.36 


million rubles/year. 


Conclusion. The most effective way to protect 
the environment from the negative impact of PS 
vehicles 1s a comprehensive implementation of 
measures M1 and M2: transfer of 50% of buses 
with diesel engines to gas fuel, replacment of 
50% of diesel buses by trolleybuses and the 
transfer of 100% of minibuses in transport flow 
to gas fuel. Theoretical and __ practical 
significance of this work is to improve the 
assessment of negative impact on_ the 
environment and the decision-making body in 
determining priority areas of human impact 
reduction on the ecosystem of the city. The 
results of the study can be used to reduce 


economic damages from vehicles emissions. 


i 
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